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Abstract
The aim of this study was to build on previous conflicting research on performance following stretching and secondary
activity post-stretching. Using a randomized, cross-over design, 15 male participants completed a 5-min warm-up jog,
followed by a maximal vertical jump (VJ1) and a repetitive five-repetition jump (VJ5) on a force mat, an intervention (static
stretching, dynamic range of movement stretching, or no-stretching control), then a second maximal vertical jump and
repetitive five-repetition jump, followed by a change of direction test (505 test) and a straight line sprint (20-m). Two-way
analysis of variance with repeated measures showed significant time and grouptime interaction effects for both mean
maximal VJ1 and VJ5 jump heights (PB0.001). Time course changes showed VJ1 jump height following static stretching
was significantly reduced (7%) compared with the dynamic and control conditions, which improved by 5.0% and 3.9%
(P0.02 and P0.04) respectively. Following the second bout of movement activity, VJ1 jump height had improved, but
was not significantly different from baseline value (P0.11). Similarly, VJ5 jump height following static stretching was
significantly reduced (6.2%) compared with the dynamic and control conditions, which showed improvements of 6.7% and
7.5% (P0.04 and P0.01) respectively. After the second bout of movement activity, mean VJ5 jump height for the static
stretching group returned to baseline values (P0.84), while further improvements were observed in the dynamic (3.2%)
and control groups (2.2%) (P0.01 and P0.04 respectively). Significant improvements in the 505 test were observed in
the dynamic and control conditions, in both legs (range 2.453.67%; PB0.001), compared with the static stretching
condition. Although sprint time improved following the second bout of movement activity, no differences were observed in
the 20-m sprint between conditions. The results of this study confirm previous findings that static stretching reduces vertical
jump height that is not reversed with follow-up movement activity. Moreover, the results show that activities requiring rapid
changes of direction and speed may also be affected if preceded by a bout of static stretching, and is not reversed with follow-
up movement activities.
Keywords: Warm-up, change of direction, sprint, vertical jump
Introduction
A widely recognized and regarded practice, at all
levels of recreational and sporting performance, is
the participation by individuals in warm-up activities
before physical exercise. Guidelines underpinning
warm-up practices include a general sub-maximal
activity (e.g. jogging) followed by a series of
stretches, before finishing with a component invol-
ving specific movements (Young, 2007). The inclu-
sion of static stretching within the warm-up was
promoted as a means of preventing injury (Safran,
Seaber, & Garrett, 1989) as well as increasing
performance due to increased range of motion
(Shellock & Prentice, 1985).
Following the investigation by Shrier (1999), who
provided evidence that static stretching before activ-
ity did not prevent injury, researchers have since
questioned the effectiveness of stretching on subse-
quent biomotor performance, particularly muscular
power. Several studies have compared the acute
effect of static stretching with dynamic or no-
stretching conditions using the maximal vertical
jump test, showing decrements in vertical jump
performance following static stretching (Behm,
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Button, & Butt, 2001; Cornwell, Nelson, Heise, &
Sidaway, 2001; Church, Wiggins, Moode, & Crist,
2001; Wright, Williams, Greany, & Foster, 2006).
Similar findings have also been replicated in children
and adolescent populations (Faigenbaum, Bellucci,
Bernieri, Bakker, & Hoorens, 2005; McNeal &
Sands, 2003). Some researchers have also taken
repeated measures of vertical jump performance
following stretching, demonstrating reduced vertical
jump height following static stretching immediately
after, and for periods up to 120 min after stretching
(Bradley, Olsen, & Portas, 2007; Brandenburg,
Pitney, Luebbers, Veera, & Czajka, 2007; Pearce,
Kidgell, Zois, & Carlson, 2009).
A limited number of studies have investigated the
effectiveness of stretching (static or dynamic) on
other biomotor abilities such as sprinting (Fletcher &
Anness, 2007; Little & Williams, 2006), or specific
motor skills such as kicking for distance in Australian
football (Young, Clothier, Otago, Bruce, & Liddell,
2004). Others have addressed the underpinning
physiological measures, including electromyography
(EMG) activity (Behm et al., 2001), Hoffman (H)
reflex amplitude (Avela, Kyrolainen, & Komi, 1999),
tendon tap reflex (Rosenbaum & Hennig, 1995),
and interpolated twitch technique (Power, Behm,
Cahill, Carroll, & Young, 2004), to account for
changes following static or dynamic stretching.
Collectively, these studies have provided evidence
that static stretching was detrimental to subsequent
performance that required muscular power, whereas
dynamic stretching improved performance.
Despite this growing body of evidence, particularly
on the effectiveness of incorporating stretching in the
warm-up (see reviews by Fradkin, Zazryn, &
Smoliga, 2010; Smith, 2004), there remains some
conjecture regarding the inclusion of stretching in
warm-ups and their effect on subsequent perfor-
mance (Bishop, 2003). As some have observed
(Brandenburg et al., 2007), there is continued
hesitation regarding withdrawing static stretching
from warm-up practices. This may be due to the
variety of study protocols published involving differ-
ent types and intensities of stretches, as well as the
length of time to which a stretched muscle, or group
of muscles, inhibits performance (Brandenburg
et al., 2007). Moreover, Young (2007) observed
that research designs, usually testing performance
after a bout of stretching without a second bout of
movement activity, do not accurately reflect the
components of athletic warm-ups. Contrary to pre-
vious research designs, anecdotal evidence has
shown that many individuals, and high-performance
athletes in particular, incorporate a stretching (static
or dynamic) component between a general warm-up
and sport-specific activity. Therefore, testing of
individuals should include a secondary or sport-
specific warm-up after the stretching phase, as well
as compare effects to warm-ups with no stretching
component (Young, 2007).
Several previous studies attempted to address this
question of a second warm-up component with con-
flicting results (Little & Williams, 2006; Rosenbaum &
Hennig, 1995; Unick, Kieffer, Cheesman, & Feeney,
2005; Woolstenhulme, Griffiths, Woolstenhulme, &
Parcell, 2006; Young et al., 2004), again reflecting
the disparity in protocols employed (Brandenburg
et al., 2007), such as the sport-specific warm-up
component and the intensity of the secondary
activity (Little & Williams, 2006; Young et al.,
2004).
Two recent applied studies have attempted to
address this question using a repeated-measures
research design to ‘‘mimic’’ current athletic warm-
up practices. Using a non-randomized group design,
Taylor and colleagues (Taylor, Sheppard, Lee, &
Plummer, 2009) observed no differences in vertical
jump height (using yardstick) or 20-m sprint time
following a second bout of sport-specific, skills-
based activity preceding either the static or dynamic
stretching component. In a study adopting a rando-
mized crossover design (static stretching, dynamic
stretching, and control condition), Pearce et al.
(2009) showed that static stretching affected mus-
cular power (as measured by countermovement
vertical jump on a force platform) that was not
restored by a follow-up movement activity preceding
stretching. In contrast, dynamic range of motion
stretching and a control condition of no stretching
showed that a secondary bout of movement activity
improved vertical jump height differences observed
immediately after the stretching intervention, lasting
up to 60 min after the secondary warm-up. However,
the study did not include performance measures
such as a straight line 20-m sprint.
The aim of the present study, therefore, was to
replicate the protocols of our previous research
(Pearce et al., 2009), but this time including
measures of five repetition vertical jump perfor-
mance, change of direction (505 test), and straight
line 20-m sprint.
Methods
Fifteen healthy males (mean9s: age 23.496.4 years;
height 1.8090.09 m; weight 83.397.2 kg), all right
leg dominant (Demura, Yamaji, Goshi, & Nagasawa,
2001), were recruited from the university student
population. Individuals were screened before testing,
and any volunteers presenting with a musculoskeletal
injury in the previous 6 months, or with any
cardiovascular condition, were excluded from the
study. Written informed consent was obtained from
all participants before testing began. The study was
104 A. J. Pearce et al.
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approved by the Victoria University Human Ethics
Committee and was conducted in accordance with
the Declaration of Helsinki.
Determination of individual heart rate intensities
(sessions 1 and 2)
Following previously described methods (Pearce
et al., 2009), participants visited the university
laboratory on five occasions. Two introductory
sessions (weeks 1 and 2) were used to fully familiar-
ize the participants with all protocols and the
equipment used for each test, and to determine
individual warm-up heart rate range, based on
maximal heart rate measured from a maximal oxygen
consumption (V˙O2max) test (Withers, Gore, Gass, &
Hahn, 2000). Participants then attended three data
collection sessions, one for each warm-up condition,
each separated by one week (weeks 35). Each test
session lasted approximately 60 min. All participants
undertook each condition (static stretching, dynamic
stretching, and no stretching) in a randomized order.
Warm-up test sessions (sessions 35)
Wearing a heart rate monitor (Polar, Finland) during
each warm-up condition, the participants performed
a general jog/run warm-up for 5 min to maintain
65% (9 5 beats  min1) of their measured maximal
heart rate to increase peripheral muscular circulation
and temperature (Edwards et al., 1972), prior to
completing the first set of vertical jumps.
All jumps were performed on a portable contact
mat (Smartjump, Fusion Sport, Australia), recently
reported as a valid tool with good and moderate
reliability for single maximal jump and sub-maximal
repeated hopping respectively (Lloyd, Oliver,
Hughes, & Williams, 2009). At the end of the
general warm-up, participants completed a one-
repetition maximal height double-foot vertical jump
(VJ1) with hands placed on hips to maintain
consistency and reliability of jumping (Pearce et al.,
2009; Power et al., 2004). To control for consistency
in maximal jump performances, the participants
were required to descend to a knee angle of 60808
(Pearce et al., 2009), as measured by an electronic
goniometer (Biometrics, USA). Two attempts were
made, with the best attempt recorded. After a 1-min
rest, the participant then completed a five-repetition
double-foot vertical jump (VJ5) with hands on hips.
Participants were encouraged to perform the ec-
centric phase of the jump as quickly as possible, with
the depth of the countermovement phase being self-
selected by the participant to maximize jump height
(Cormack, Newton, McGuigan, & Doyle, 2008).
Participants then completed: (1) a series of lower-
limb static stretching exercises (Table I), holding
each stretch for 30 s with 15 s rest between stretches;
(2) a series of lower-limb dynamic stretching
exercises (Table II) consisting of two sets of
10 repetitions; or (3) no static or dynamic stretching
(movement activity only; Table III); followed by a
second set of VJ1 and VJ5 tests, 505 test, and straight
line 20-m sprint from a standing start. The running
tests (505 and 20-m spint) were not conducted after
the general warm-up, so as not to cause potential
fatigue to the participants, or to create a potentiating
effect prior to the stretching interventions.
The 505 test (Draper & Lancaster, 1985), used
widely and recently validated (Killip & Sayers,
2006), is used to measure change of direction in
the horizontal plane. It is a simple test to measure the
Table I. The static stretching exercises (Pearce et al., 2009)
Stretch Sets Time*
Seated single leg hamstring. In a seated position with one leg straight,
place the other leg on the inside of the straight leg and reach
forward
2 30 s stretch
Single leg gastrocnemius. In a standing position with ankle in 458
approximately 1 m from the wall, lean against the wall with both
hands, keeping the leg straight
4 30 s stretch (twice each leg)
Seated single gluteal. Seated on the floor with the outside of the lower
leg bent in front and the inside of the opposite leg bent to the side.
Position the bottom of the forward foot against the knee of the
opposite leg. Place hands on floor in front of the forward leg
2 30 s stretch
Hip/thigh flexor lunge. Standing in a forward lunge position (as wide
apart as is comfortably possible), then lower centre of body slowly
until stretch is felt through the hip flexor muscles
2 30 s stretch
Single leg quadriceps stretch. In the standing position with an erect
spine, bend one knee and bring heel towards buttocks while
holding the foot with one hand
4 30 s stretch (twice each leg)
Note: Phase lasted 1215 min. More detailed descriptions of each stretch are detailed elsewhere (Faigenbaum et al., 2005).
*Participants rested 15 s after each stretch.
Effects of secondary warm-up after stretching 105
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 1
6:5
4 3
0 O
cto
be
r 2
01
2 
time taken to complete an ‘‘up-and-back course’’ of
5 m in both directions (10 m total distance), with
one change of direction (1808) preceded by a
running start of 10 m. The time recorded is the
time taken from 5 m before to 5 m after the turn.
Following the 505 and 20-m sprint tests, partici-
pants completed the standardized movement activity
protocol, which consisted of mimicking generalized
warm-up movement patterns (Table III) while main-
taining their individual pre-determined target heart
rate range (Pearce et al., 2009). We monitored and
recorded heart rate responses following each stretch-
ing exercise during all warm-up conditions to ensure
the participants did not exceed their identified target
heart rate range. Following the second movement
activity, all tests were repeated.
Data and statistical analyses
Data were collected via a hand-held portable digital
assistant (iPAQ, Hewlett Packard, USA) and down-
loaded to an Excel spreadsheet (Microsoft, USA),
exported and analysed using SPSS (v.17, SPSS Inc.).
All data (heart rate, VJ1, VJ5, 505 test, and 20-m
sprint) were first screened to ensure they were
normally distributed. Shapiro-Wilks (SW) tests de-
monstrated normal distribution (heart rate SW0.9;
VJ1 SW0.9; VJ5 SW0.9; 505 test SW0.9;
20-m sprint SW0.8; d.f.15, P0.05). Inter-day
(Day 1 vs. Day 2 vs. Day 3) reliability of the
participants’ VJ1 and VJ5 jump height and relative
peak power output, following the general warm-up,
was assessed to calculate the typical error (TE) and
coefficient of variation (CV) in conjunction with
Table II. The dynamic stretching exercises (Pearce et al., 2009)
Stretch Sets Time/repetition/distance*
Walking high knee to chest. While walking, lift knee towards
chest
3 10 repetitions each leg
Leg swinging  antero-posterior and medio-lateral directions.
With the arm outstretched to the side and leaning against a
wall, the opposing leg is stretched through full range of
movement in the sagittal plane (or coronal plane for medio-
lateral direction), undergoing both hip flexion on the
forwards motion and hip extension on the backwards
motion
4 10 repetitions each leg (2 sets antero-
posterior/2 sets medio-lateral)
Hurdler’s knee raise  forward movement. While travelling
forwards, participant raises trailing leg and places hip in
flexion (approximately 908) in an abducted and externally
rotated position, with the knee flexed at 908. In this position
the limb is displaced forwards as though stepping over an
object just below waist height and returned to normal
walking stride position
2 10 m
Hurdler’s knee raise  reverse movement. Same as above but
travelling in reverse direction
2 10 m
Heel ups. Rapidly kick heels towards buttocks while walking
forward
3 10 m
Note: Phase lasted 1215 min. More detailed descriptions of each stretch are detailed elsewhere (Faigenbaum et al., 2005).
*Participants rested 15 s after each stretch.
Table III. The movement activity (control) exercises (Pearce et al., 2009)
Movement exercise Sets Repetition/distance
High knees run, emphasizing knee lift and arm swing 2 10 m
Side-stepping. Continuously abducting leading leg and adducting
trailing leg to replace foot placement of leading leg
2 10 m
Crossovers/carioca stepping. Trailing leg travels past foot placement
of leading leg and in a sweeping motion the trailing leg alternates by
crossing in front of and behind leading leg
2 10 m
Skip-steps/high skips, emphasizing height, high knee lift, and arm
action
2 10 m
Cutting. Ten cones/markers are placed in two parallel lines (five cones
per line) with a stager of 2 m between them. Line A starts at
position x, while line B begins at position x1 m. Participants run
through in a ‘‘zigzag’’ pattern up and back
2 10-m circuit
Note: Phase lasted 1215 min.
106 A. J. Pearce et al.
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typical error upper and lower 95% confidence inter-
vals from the log-transformed test result using the
method outlined by Hopkins (2000). The coefficient
of variation was also determined using a two-way
(participant and test) analysis of variance (ANOVA),
with participants a random effect, number of test in
sequence a fixed effect, and the log-transformed
test result the dependant variable. Analysis was also
conducted to determine the smallest worthwhile
change (SWC) in performance, by calculating 0.2
between-participant standard deviation (Duthie,
Pyne, Ross, Livingstone, & Hooper, 2006). Variables
were considered reliable if TE 5 SWC (Cormack
et al., 2008). The validity of the contact mat data was
demonstrated through testing the relationship be-
tween calculated relative peak power output (Sayers,
Harackiewicz, Harman, Frykman, & Rosenstien,
1999) and VJ1, and relative peak power output and
VJ5 height using Pearson correlation analysis.
All data were analysed by two-way (condi-
tiontime) repeated-measures ANOVA. When a
significant main effect was obtained, a post-hoc
pair-wise comparison was performed using the
least significant difference test. Descriptive data
(% changes) and Cohen’s (1988) d effect sizes and
thresholds (50.5small; 0.510.79moderate;
]0.8) were also used to identify the magnitude of
the effect between conditions and between time
points in the data. Statistical significance was set at
PB0.05 and the data in figures are presented as
means9standard deviations.
Results
All participants completed all sessions without
injury. Reliability of the VJ1 and VJ5 jump data
and correlation of jump height with relative peak
power are shown in Table IV.
Warm-up heart rate intensities
Table V illustrates the changes in heart rate after the
stretching and second warm-up phases. Two-way
ANOVA revealed significant differences and moder-
ate effect sizes for warm-up condition (F1,1423.11;
PB0.001; d0.62) and time course changes
(F1,1423.11; PB0.001; d0.97), as well as a
significant interaction between warm-up condition
and time course changes (F2,2823.32; PB0.001;
d0.63). Post-hoc pair-wise comparisons for condi-
tion and time showed all conditions resulted in
increased heart rate following the general warm-up
compared with resting values (PB0.001). Following
the static stretching time point, there was a signifi-
cant reduction in heart rate compared with the
dynamic and control conditions (PB0.001). There
were no differences between dynamic and control
conditions (P0.25) at any time points (P0.10).
Table IV. Inter-day reliability measures for mean VJ1 and VJ5 jump height and relative peak power data
Mean TE
Lower CI
(95%)
Upper CI
(95%) SWC CV (%)
VJ1 VJ5 VJ1 VJ5 VJ1 VJ5 VJ1 VJ5 VJ1 VJ5 VJ1 VJ5
Jump height (cm) 33.20 30.60 0.63 0.51 0.48 0.58 0.95 1.16 0.66 0.58 6.30 8.10
Relative peak power (W  kg1)a 45.11* 44.20# 0.59 0.66 0.46 0.64 0.83 1.15 0.64 0.81 5.80 6.00
Note: Data, calculated from the measures of reliability via log-transformed variable (Hopkins, 2000), are presented as mean, typical error
(TE), lower 95% confidence interval (CI), and upper 95% CI of TE, smallest worthwhile change (SWC), and coefficient of variation
(CV%). TE reflects noise in the test scores produced from biological and technical sources, while SWC represents the minimal change
worthwhile to performance. No significant differences were observed between mean inter-day VJ1 (F2,422.37; P0.11; d0.10) and
VJ5 (F2,421.921; P0.16; d0.08) data.
aRelative peak power formula: 60.7*jump height [cm]45.3*body mass [kg]  2055 (Sayers et al., 1999). *Correlation between relative
peak power and height (r20.52; P0.01). #Correlation between relative peak power and height (r20. 63; P0.01).
Table V. Heart rate, single vertical jump (VJ1), and five repetition vertical jump (VJ5) following general running warm-up, the stretching
component, and post-movement activity component (mean9s)
Heart rate (beats  min1) VJ1 (cm) VJ5 (cm)
Static Dynamic Control Static Dynamic Control Static Dynamic Control
Rest 7297*** 6994*** 7396***
Post warm-up 12695 12693 12495 34.293.5 32.093.2 33.293.0 30.894.2 29.896.0 30.593.8
Post stretching 9294*** 12398 12496 31.893.2 33.693.0* 34.692.7** 28.893.3 31.893.1* 32.893.3**
Post movement activity 12799 12595 12798 33.092.5 34.393.4 34.893.8 30.692.3 32.89.6* 33.594.4*
Note: Asterisks indicates significant difference between conditions and time points. *PB0.05; **PB0.01; ***PB0.001.
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VJ1 and VJ5 height
For VJ1 in all conditions, knee flexion angles were
between the pre-determined ranges of 608 and 808.
There were no significant differences (P0.47) in
mean knee flexion between conditions (control:
75.895.08; static: 77.293.08; dynamic 76.194.08).
Table V illustrates jump heights (in cm) for VJ1
and VJ5. For the main effect of warm-up condition,
VJ1 showed no significant differences and small
effect sizes (F1,141.95; P0.17; d0.16). How-
ever, time course changes did show a significant
difference (F1,149.49; P0.003; d0.67) and
there was a significant interaction effect between
warm-up condition and time (F2,289.72;
PB0.001; d0.50). Post-hoc pair-wise comparison
for time course changes showed VJ1 height following
the static stretching was significantly reduced (7%)
compared with the dynamic and control conditions,
which improved by 5.0% and 3.9% (P0.02 and
P0.04) respectively (Table V). Following the
second bout of movement activity, VJ1 height in
the static condition had returned to baseline values
(P0.11). Mean VJ1 height for the dynamic and
control conditions improved further by 2.0% and
0.9% respectively but were not statistically signifi-
cant.
For the main effect of warm-up condition, VJ5
showed no significant differences and small effect
sizes (F1,141.41; P0.27; d0.12). However,
there were significant difference in time course
changes (F1,1410.12; P0.003; d0.50) and an
interaction effect of warm-up condition and time
(F2,2810.7; PB0.001; d0.51). Post-hoc pair-wise
comparison for time course changes showed VJ5
height following static stretching was significantly
reduced (6.2%) compared with the dynamic and
control conditions, which showed improvements of
6.7% and 7.5% (P0.04 and P0.01) respectively
(Table V). Mean VJ5 height for the static stretching
group returned to baseline values (P0.84), while
further improvements were observed in the dynamic
and control groups of 3.2% (P0.01) and 2.2%
(P0.04) respectively (Table V).
Change of direction test
Figures 1 and 2 illustrate the results of the 505 test
for the participants’ dominant and non-dominant
legs after stretching and after movement activity
respectively. The main effect for warm-up condition
was not significant for the dominant leg
(F1,140.471; P0.63; d0.04) or non-dominant
leg (F1,141.02; P0.38; d0.09). There was a
significant difference between 505 times following
the second warm-up condition for both the domi-
nant (F1,1410.98; P0.008; d0.52) and non-
dominant leg (F1,148.09; P0.01; d0.47). The
interaction between warm-up condition and 505
times following the second warm-up was shown to
be significant for both the dominant (F2,283.69;
P0.04; d0.27) and non-dominant leg
(F2,284.62; P0.02; d0.32). Post-hoc pair-wise
comparisons for 505 times following the second
warm-up condition showed that there was a signifi-
cant reduction in 505 times following the second
warm-up for both the dynamic and control groups
(dominant leg: dynamic condition improvement
2.48%, control condition improvement 2.45%,
Figure 1. 505 test for participants’ dominant leg. Dark bars indicate group mean time (9 SD) taken after stretching; light bars indicate
group mean time (9 SD) recorded after movement activity. Asterisk indicates significant difference in times between dynamic range of
motion stretching or control (no stretching) and movement activity phases (PB0.05).
108 A. J. Pearce et al.
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P0.008; non-dominant leg: dynamic condition
improvement 2.47%, control condition improve-
ment 3.67%, P0.01).
Straight line sprint test
Figure 3 shows straight line sprint times for each
warm-up condition after stretching and after the
second warm-up activity. Two-way ANOVA revealed
a difference in sprint times (F1,145.871; P0.03;
d0.37), but no significant difference for the main
effect for warm-up condition on straight line sprint
performance (F1,140.185; P0.83; d0.02) was
observed. There was no interaction effect between
warm-up condition and time (F2,282.166;
P0.14; d0.18).
Discussion
The aim of this study was to build on previous
research investigating the effects of a secondary
warm-up following an initial bout of stretching.
Because a potential criticism of previous work was
the limited motor abilities tested (vertical jump
only), in the present study we also incorporated a
straight line sprint (20 m), replicating previous
studies (Fletcher & Anness, 2007; Taylor et al.,
2009), as well as a change of direction assessment
(505 test).
In support of our previous findings (Pearce et al.,
2009), heart rates and vertical jump (VJ1 and VJ5)
heights were significantly decreased following static
stretching, compared with the dynamic and control
conditions, returning to pre-stretching values follow-
ing the secondary movement activity warm-up.
Similarly, the vertical jump performance in the
dynamic stretching condition was significantly in-
creased following the stretching phase and continued
to increase after the movement activity phase. That
the control (no stretching) condition provided similar
improved vertical jump performance after both time
points, compared with the static stretching condition,
is also in line with previous research (Pearce et al.,
2009; Wright et al., 2006). Indeed, a recent systema-
tic review by Fradkin et al. (2010) provided evidence
of improved performance outcomes in warm-up
studies that did not include a stretching component.
These findings provide further support that warm-
ups, without static stretching, enhance performance
via improvements in peak power output, as reported
by Dolan and colleagues (Dolan, Greig, & Sargeant,
1985), due to increases in muscle temperature, or
due to neuromuscular mechanisms such as the
myotatic reflex (Gollhofer & Rapp, 1993). Given
the applied nature and specific research questions to
be answered in this study, muscle temperature and
reflex activity were not measured. However, given the
significantly increased heart rate responses, in the
dynamic and control conditions, we would be con-
fident that these warm-up conditions would have
increased blood flow and temperature to the muscle
periphery, resulting in, for example, a greater efficacy
of enzymatic reactions, a lower oxygen deficit at the
onset of work, and a decreased respiratory exchange
ratio during subsequent activity (Edwards et al.,
1972; Febbraio, Carey, Snow, Stathis, & Hargreaves,
1996), an increase in glycogenolysis, glycolysis and
high-energy phosphate degradation, as well as posi-
tively altered forcevelocity relationships described
Figure 2. 505 test for participants’ non-dominant leg. Dark bars indicate group mean time (9 SD) taken after stretching; light bars
indicate group mean time (9 SD) recorded after movement activity. Asterisk indicates significant difference in times between stretching
and movement activity phases (PB0.05).
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by Bishop (2003), and enhancing free coordinated
movement (Smith, 2004).
Despite small to moderate effects in improved
times seen in the dynamic and control conditions,
following the stretching and secondary warm-up
there were no significant differences in 20-m sprint
times between conditions. Fletcher and Anness
(2007) showed no differences in 50-m sprint times
and Taylor et al. (2009) did not show any changes in
20-m sprint times following a secondary skill-based
warm-up preceding stretching. In contrast, Nelson
and colleagues (Nelson, Driscoll, Landin, Young, &
Schexnayder, 2005) showed a significant reduction
in 20-m sprint times following static stretching; it
should be noted, however, that their participants
were trained sprinters (Division I NCAA track
athletes) and no secondary warm-up and follow-up
sprint were conducted. It appears that using a 20-m
sprint to evaluate the effectiveness of stretching
methods should be employed with caution, particu-
larly in relation to the sample tested and the
specificity of a 20-m sprint distance to a particular
sport or event. Moreover, given that biomotor tasks
such as speed and change of direction are recognized
to be independent of each other (Little & Williams,
2005; Young, McDowell, & Scarlett, 2001), inter-
pretation of data that only report straight line
running speed should not be generalized to other
biomotor abilities, particularly where change of
direction or agility are concerned.
The 505 test showed significant improvements in
turning with either leg in the dynamic and control
conditions compared with the static stretching con-
dition. In performing the 505 test proficiently (i.e.
quicker time), it is important for the individual to
minimize the loss of speed (Graham & Ferrigno,
2000), by decelerating as late as possible, and
accelerating as quickly as possible after making the
change in direction. This would suggest that input
from the neuromuscular system and proprioceptive
feedback are important factors for completing com-
plex whole-body motor tasks that require rapid
changes of direction.
It has been suggested that alteration in the
sensitivity of muscle proprioceptors, such as muscle
spindles and Golgi tendon organs, may occur during
(Fowles, Sale, & MacDougall, 2000) and following
(Behm et al., 2001; Kokkonen, Nelson, & Cornwell,
1998) stretching. Decreased H-reflex amplitude has
been shown following static stretching (Avela et al.,
1999), suggesting impaired excitation of the
a-motorneuron pool, arising from reduced muscle
spindle discharge, but not maximal compound mass
action potential (M wave), indicating no failure in
excitation or conduction in the muscle fibres.
Therefore, with the rapid change of direction
required to complete the 505 test quickly, we
hypothesize the reduction in proprioception follow-
ing static stretching may have influenced the indivi-
dual to decelerate sooner, and over a longer period of
time, prior to changing direction, potentially as a
safety mechanism. Moreover, an impaired excitation
of a-motorneuron excitability may similarly contri-
bute to a reduced capacity to accelerate due to a
reduced drive to contract the muscles. Alternatively,
improved 505 times following the dynamic and
control conditions may be the result of increased
myotatic reflex amplitude increasing muscle contrac-
tion, which is influenced by movement/stretch velo-
city (Gollhofer & Rapp 1993), similarly affecting
Figure 3. Straight line 20-m sprint times. Dark bars indicate group mean time (9 SD) taken after stretching; light bars indicate group
mean time (9 SD) recorded after movement activity. No statistical differences were observed between conditions.
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deceleration/acceleration phases in the 505 test.
Further research using kinematic analysis to measure
deceleration/acceleration time and distance is
required to test this hypothesis.
In conclusion, this applied study has provided
further evidence that a secondary warm-up does not
reverse the effects of static stretching to performance
levels provided by dynamic stretching or, indeed, not
stretching at all (control condition). In explaining our
findings to previous work (Fletcher & Anness, 2007;
Taylor et al., 2009), the warm-up protocols and
research design may have contributed to different
findings. For example, Fletcher and Anness (2007)
completed their dynamic stretching protocols in a
stationary position, whereas our study repeated the
dynamic range of motion protocol used by Pearce
et al. (2009) with participants actively moving during
dynamic range of motion stretching. Taylor et al.
(2009) used a netball-specific warm-up in testing elite
netball players, whereas the movement activity warm-
up in our study was designed for sports in general.
Furthermore, our study used a randomized crossover
design, so participants did not complete the stretch-
ing and movement protocols in the same order.
However, we also acknowledge that applied studies,
such as this, are limited in explaining the physiological
mechanisms underpinning performance outcomes.
Although previous studies have measured the neuro-
muscular system following stretching protocols (e.g.
Avela et al., 1999), electrophysiological methods,
at both spinal and supraspinal levels, should be
employed within the paradigm of secondary warm-
ups following stretching to elucidate the exact me-
chanisms contributing to the findings in this and our
previous study.
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